introduction
This chapter introduces British Columbia's weather and climate. "Weather" refers to the specific condition of the atmosphere at a particular place and time. It is measured in terms of variables including wind speed and direction, air temperature, humidity, atmospheric pressure, cloudiness, and precipitation. Weather can change from hour to hour, day to day, and season to season. "Climate" is a statistical characterization of the weather, averaged over many years; it is usually represented in terms of means, variability, and extremes of the various weather elements. The following sections focus on (1) the large-scale context of British Columbia's weather and its expression at the scale of synoptic atmospheric circulation; (2) a description of regional climatic variations resulting from the interaction of weather systems with the topography of British Columbia; (3) an overview of large-scale ocean-atmosphere interactions, including El Niño, and their influence on the province's weather and climate; (4) an overview of the climatology and meteorology of extreme hydrogeomorphic events; and (5) a discussion of historic climatic variability and projected future climate change.
Weather and Climate Alternating sequences of west-to-east flowing lowpressure (cyclonic) and high-pressure (anticyclonic) systems dominate the weather in British Columbia. The low-pressure systems form off the Aleutian Islands in the north Pacific and then migrate easterly to approach the province. These systems are generally associated with fronts, which are the boundaries between warm and cold air masses. Low-pressure systems occur more frequently in winter. During summer, the North Pacific high-pressure system shifts northward into the central-north Pacific and tends to dominate, often producing extended spells of fine weather, particularly in southern British Columbia.
Although the weather situation each day is unique, it is possible to group synoptic-scale conditions into relatively distinctive types based on patterns of sea-level pressure or other atmospheric variables. Stahl et al. (2006b) used a computer-assisted pattern recognition approach to classify daily sea-level pressure patterns into 13 circulation types (Figure 3 .1). Airflow can be interpreted from the patterns of the pressure contours (isobars) using the following rules: (1) air tends to flow parallel to the isobars, with anticlockwise flow around lowpressure centres; and (2) wind speed is related to the isobar spacing, with tighter spacing indicating stronger winds. The monthly variation in synoptic T ype 7 T ype 8 Type 9
T ype 10 T ype 11 Type 12
T ype 13 fig1 type frequency is shown in Figure 3 .2. Types 1 and 2 are the most frequent circulation types. They occur year-round, but dominate British Columbia's climate during the summer months. Together with Type 8, these types represent systems dominated by the presence of the Pacific High just off the coast. The mainly meridional (south-north) flow over British Columbia (Types 1 and 2) is typical for dry and fine summer weather, whereas the southern position of the High in Type 8 causes more zonal (west-east) flow with unstable weather. During autumn, winter, and spring, British Columbia's synoptic climatology is more variable, and most of the circulation types occur with a similar frequency between November and February. Circulation Types 3-7 are distributed most evenly throughout the year, but all have a minimum in summer. These types represent a mix of patterns and influences on the provincial climate. The Aleutian Low is visible in all of these patterns, except for Type 6. All involve some influence of continental highpressure systems over British Columbia. Perhaps with the exception of Type 6, which has a high persistence, these patterns are not very stable and tend to be transitional within the typical mid-latitude circulation characterized by a series of frontal systems moving from west to east. Types 9 through 13 occur mainly in winter, and are all characterized by an Aleutian Low of varying location and depth. Southwesterly flow over British Columbia is common during these situations. Stahl et al. 2006b) 
regional climates of British columBia
The interaction of large-scale weather systems with the topography of British Columbia's land surface produces distinctive climatic patterns that vary with elevation, distance from the coast, exposure to the prevailing winds, and season. This section describes the spatial and temporal variability of climate within British Columbia.
Climatic Zones
British Columbia can be divided into five physiographic regions that have distinct macroclimatic regimes (Figure 3. 3) (Valentine et al. 1978; Phillips 1980; Chilton 1981) . The numerous parallel mountain ranges and extensive plateaus, plains, and basins air carried by prevailing westerly winds drops large amounts of rain or snow as it is forced up the mountain slopes. The air descends over the eastern slopes and is warmed by compression, causing the clouds to thin out. The driest climates of British Columbia, located in the valley bottoms of the south-central Interior, are in the rain shadow of the Coast Mountains (Figure 3 .5). Travelling farther eastward, the air releases additional moisture as it ascends successive ranges, including the Columbia and Rocky Mountains in the south, and the Skeena, Omineca, Cassiar, and Rocky Mountains in the north. The mountains restrict the westward flow of cold, continental arctic air masses from east of the Rocky Mountains, thus moderating the winter climate in the southern Interior. In spring, the Interior has little precipitation, but early summer is often relatively wet. By midsummer, however, interior storms and precipitation decline again. In middle and late summer, the Pacific produce a range of climatic regimes that is reflected in 14 vegetation zones named from the dominant tree species of the zone ( Figure 3 .4, Tables 3.1 and 3.2). The zones range from cool, moist coastal forests to warm, dry interior forests, and from Garry oak parkland to black spruce muskeg. Mediterraneantype, semi-arid, subarctic, and alpine climates also occur, supporting extensive areas of open forest, grassland, scrub, and tundra.
The mountain ranges, which lie roughly perpendicular to the dominant large-scale airflow, largely determine the overall distribution of precipitation and the balance between Pacific and continental air masses in the various regions of British Columbia. The wettest climates of British Columbia (and Canada) occur on the outer coast, especially near the mountains on the windward slopes of Vancouver Island, the Queen Charlotte Islands, and the mainland Coast Mountains (Figures 3.5 and 3.6) . Here, moist period. Data interpolated using ClimateBC (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) . Spruce; PP = Ponderosa Pine; SBPS = Sub-boreal Pine-Spruce; SBS = Sub-boreal Spruce; SWB = Spruce-Willow-Birch. b MAP = mean annual precipitation; MSP = mean summer precipitation (May to September); PAS = precipitation as snow (water equivalent); MAT = mean annual temperature; MCMT = mean coldest month temperature (January); MWMT = mean warmest month temperature (July); xTmin = extreme minimum temperature; FFP = frost-free period; DD<0 = degree-days less than 0ºC; DD>5 = degree-days greater than 5ºC; SH:M = summer heat:moisture index.
High often dominates western North America, giving warm, clear weather to much of British Columbia, except where it generates convective cells and precipitation in the afternoon and early evening. Air temperatures vary with distance from the coast and with latitude (Figures 3.5 and 3.7). Higher mean annual temperatures are found on the coast and inland in valley bottoms. Mean annual temperatures generally decrease to the north and (or) with increasing elevation. Summer temperatures are often higher in the Interior than on the Coast, with the reverse pattern holding for winter temperatures. The annual temperature range is greatest in the northern Interior of the province. Temperature variations from day to day tend to be greater in winter, and are largely controlled by the origin of the dominant air mass (e.g., arctic continental vs. maritime). Diurnal temperature ranges are generally greater in summer than winter, reflecting the seasonal variation in solar radiation. ClimateBC (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) . ClimateBC (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006 CMD, streamflow will typically drop to low levels, sustained by the discharge from surface storage (lakes, ponds, and wetlands) and groundwater. The exception to this situation occurs in catchments with more than about 5% glacier cover, where increased glacier melt during hot, dry weather can increase streamflow (Stahl and Moore 2006) .
To illustrate variations in British Columbia's climatic moisture regimes, moisture deficits and surpluses were determined for eleven Meteorological Service of Canada weather stations with data from 1971 to 2000, one high-elevation research station (Winkler et al. 2004) , two long-term weather station records for coastal British Columbia (Spittlehouse 2003 (Spittlehouse , 2004 , and three locations with interpolated values (1961-1990 normals In the southern Interior of British Columbia, winter interception loss of snow by forests is 20-60 mm depending on precipitation regime. Sublimation and evaporative losses from openings will be much lower than canopy interception losses in the forest. These processes are discussed in more detail in Chapter 7 ("The Effects of Forest Disturbance on Hydrologic Processes and Watershed Response").
The climatic moisture regimes are summarized in Variation in E ref between years is usually about 5%; however, variations in precipitation are much greater and result in the monthly CMD varying by up to 100% (Table 3. 3). Some of the early and late months in the year have a small CMD even though the average precipitation is greater than the average E ref . This is because the variability in annual precipitation results in a deficit in some years and not in et al. 1998 ). The weather data used are monthly sunshine hours or solar radiation, mean maximum and minimum air temperature, and total precipitation. Mean wind speed at 2 m is assumed constant at 2 m/s (this assumption has little effect on the calculations). Procedures for converting sunshine to solar radiation, and solar radiation and air temperature data to net radiation, can be found in Allen et al. (1998) and Spittlehouse (2003 Spittlehouse ( , 2004 Figure 3 .10 shows 105 years of climatic moisture defi cits for the Campbell River Airport on the east coast of Vancouver Island (Spittlehouse 2004) . Th e CMD varied from less than 100 to over 350 mm. In the upper panel of Figure 3 .10, higher than average CMD years are indicated by a positive value and lower than average by a negative value. A period with extremely high CMD occurred between the 1930s and 1960. Occasionally, there are two consecutive very dry years (e.g., 1951 and 1952; 2002 and 2003) . How this infl uences the vegetation will depend on the soil type and soil depth (Spittlehouse 2003) . Th e between-year variation in CMD for Campbell River is similar to that for Victoria (Figure 3 .9) because both are coastal sites on the lee side of Vancouver Island, about 250 km apart. Th e main diff erence is the higher CMD at Victoria, but diff erences in dryness between years also occur. 
influence of elevation
Temperature tends to decrease with increasing elevation while precipitation increases; however, the vertical gradients vary in both space and time (e.g., Stahl et al. 2006c) . Particularly in coastal regions, the variation of air temperature with elevation can influence whether precipitation falls as rain or snow. The relative influence of snow accumulation and melt on streamflow in coastal regions tends to increase with increasing basin elevation. For more details, see Chapter 4 ("Regional Hydrology").
Evaporative demand tends to decrease with elevation, which, combined with the positive relation between precipitation and elevation, results in a decrease in CMD with increasing elevation. This elevational dependence is illustrated with data for the east coast of Vancouver Island. Because of the lack of high-elevation weather stations in this area, temperature and precipitation data were determined from the high spatial resolution interpolation of climate data for British Columbia (Spittlehouse 2006; Wang et al. 2006) . Mean monthly temperature and precipitation were determined at four separate elevations on the east side of central Vancouver Island: 100, 600, 1100, and 1800 m. The 100-m values are equivalent to those for Campbell River Airport (106 m). Evaporative demand and CMD were calculated for each of the four elevations and summed to give annual totals (Table 3 .5). Evaporative demand and CMD decrease with elevation as a function of a decrease in temperature and increase in precipitation. The high precipitation in coastal British Columbia from October through April restricts the CMD to summer. A CMD occurs from May to September at 100 m of elevation, June to August at 600 and 1100 m, and July and August at 1800 m. 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 CMD anomaly (mm) tions at coastal sites. Temperature anomalies associated with Type 6 are strongly negative throughout the province, and precipitation also tends to be lower than average. Type 12 is dominated by a lowpressure cell in the Gulf of Alaska, which brings a strong southwesterly flow of warm moist air over southern British Columbia, resulting in warm, wet conditions. The source of the air mass is the tropical Pacific Ocean, and extreme versions of this pattern are called a "pineapple express" or "tropical punch." Type 13 has a low-pressure cell located southeast of the Gulf of Alaska, in conjunction with a ridge of high pressure extending into British Columbia from the south. This pattern results in strong southerly airflow along the Coast, with generally warmer than average conditions throughout most of British Columbia. The southerly airflow brings wet conditions to coastal areas, but the high-pressure ridge suppresses precipitation in the Interior. 
El Niño-Southern Oscillation
El Niño events (also known as ENSO warm phase) are characterized by a warming of the equatorial ocean surface off the coast of South America. La Niña conditions (ENSO cool phase) involve upwelling of cold water in the same region (Figure 3.12) . The ENSO is a coupled phenomenon in which the sea surface temperatures in the tropical Pacific set up the atmospheric circulation and surface winds, which in turn determine the sea surface temperatures, so that positive feedbacks are strong. However, changes below the ocean surface, and the slow response of the ocean off the equator, provide a delayed signal that can reverse the changes and cause the oscillation from El Niño to La Niña (Trenberth 1997) . El Niño winters favour a split in the jet stream in the mid-Pacific to produce both low-latitude and high-latitude storm tracks that avoid southern British Columbia (Shabbar et al. 1997) . In British Columbia, winters following the onset of an El Niño event are generally warmer and drier than normal, and La Niña winters are generally cooler and wetter (Shabbar and Khandekar 1996; Shabbar et al. 1997; Stahl et al. 2006b) (Figure 3 .13).
influence of sea surface temPeratures and large-scale atmosPheric circulation Patterns Stahl et al. 2006b ).
FIGURE 3.13 Winter (December to February) temperature and precipitation anomalies associated with ENSO cool (La Niña), neutral, and warm (El Niño) phases. Temperature anomalies are z-scores (i.e., standardized by dividing by the standard deviation of the anomalies); precipitation anomalies are percentage of the long-term average (adapted from

Pacific Decadal Oscillation
The Pacific Decadal Oscillation (PDO) involves shifts between two dominant patterns of sea surface temperatures in the North Pacific Ocean (Mantua et al. 1997 ). The warm (positive) phase of the PDO is characterized by below-normal sea surface temperatures in the central and western north Pacific and unusually high ones along the west coast of North America (Figure 3 .14). The PDO cold (negative) phase produces the reverse distribution. Positive PDO phases are associated with positive winter temperature anomalies throughout western Canada and with negative precipitation anomalies in the mountains and interior, which also reduce the snowpack ( (Bonsal et al. 2001a ). During negative PDO phases, the jet stream is displaced southward, which results in more frequent arctic outflow events and hence lower temperatures. The PDO is often described as a long-lived El Niño-like pattern of Pacific climate variability, but two main characteristics distinguish the PDO from the ENSO: (1) 20th-century PDO "events" persisted for 20-30 years, while typical ENSO events persist for 6-18 months; and (2) the climatic fingerprints of the PDO are most visible in the north Pacific / North American sector, while secondary signatures exist in the tropics. The opposite is true for ENSO (Mantua et al. 1997 ). Only two full PDO cycles appear to have occurred in the past century: "cool" PDO regimes prevailed from 1890 to 1924 and again from 1947 to 1976, while "warm" PDO regimes dominated from 1925 to 1946 and from 1977 through (at least) the mid1990s (Hare and Mantua 2000) . In British Columbia, PDO cool and warm phases are associated with temperature and precipitation anomalies that are similar to the corresponding ENSO phases (Figures 3.13 and 3.15) (Fleming 2006; Fleming et al. 2007 ). The PDO is not fully understood, and it is not possible to predict when shifts will occur. Despite this limitation, the state of the PDO may be used to improve season-toseason and year-to-year climate forecasts for North America because of its strong tendency for multiseason and multi-year persistence. Recognition of the PDO is important because it shows that "normal" climate conditions can vary over time periods comparable to the length of a human's lifetime.
Pacific North American Pattern
The Pacific North American (PNA) pattern is a natural, internal mode of atmospheric circulation variability over the North Pacific and North America. The strong or enhanced (positive) phase is characterized by a strong Aleutian Low, with southerly airflow along the west coast of North America and a ridge of high pressure over the Rocky Mountains. The weak (negative) phase is dominated by a weaker Aleutian Low and westerly, zonal flow. The strong phase tends to coincide with warmer winters and reduced snowpack accumulation throughout British Columbia, especially in the southern Coast Mountains (Moore 1996; Moore and McKendry 1996) . Although both enhanced and weak PNA patterns can occur under any sea surface temperature conditions, positive values of the PNA pattern tend to be associated with the warm (positive) phase of PDO and El Niño events (Hsieh and Tang 2001) . 
FIGURE 3.15 Winter (December to February) temperature and precipitation anomalies associated with PDO cool, neutral, and warm phases (after Stahl et al. 2006b). Temperature anomalies are z-scores (i.e., standardized by dividing by the standard deviation of the anomalies); precipitation anomalies are percentage of the long-term average.
Variations in climatic patterns associated with the ENSO, PDO, and PNA tend to be strongest in winter; however, some effects, such as increased air temperature associated with ENSO/PDO warm phase, can extend into spring and early summer (Fleming 2006; Fleming et al. 2007 ).
Arctic Oscillation
The Arctic Oscillation (AO) is associated with fluctuations in the strength of the winter stratospheric polar jet. A positive AO index value generally indicates negative and positive sea-level pressure anomalies in the Arctic and mid-latitudes, respectively, and relatively strong 55°N (surface) westerlies; a negative index value indicates the opposite pressure anomalies and weaker westerly flow (Thompson and Wallace 1998) . Some evidence indicates that the negative AO phase is linked to the occurrence of extreme cold-weather systems (arctic outbreaks) that can cause mountain pine beetle mortality. For example, the arctic outbreak events in autumn 1984 and autumn 1985 appear to have ended the Chilcotin beetle outbreak that began in the late 1970s (Stahl et al. 2006a) .
The synoptic climatology presented earlier provides an intuitive framework for understanding the influence of large-scale teleconnections on the surface climate of British Columbia. For example, synoptic types associated with warmer winter weather, such as types 10, 12, and 13, tend to be more frequent in warm-phase ENSO and PDO conditions (Stahl et al. 2006b ). In addition, for some synoptic types, weather conditions at some stations exhibit systematic within-type variability among phases. For example, in warm-phase PDO years, not only are synoptic types associated with arctic outbreaks less frequent, but the minimum air temperatures tend not to be so extreme even when those types do occur. The combination of these effects suggests that air temperatures low enough to cause cold-mortality of the mountain pine beetle are less likely to occur in warm-phase PDO and warm-phase ENSO years (Stahl et al. 2006a ).
extreme events
The hydrogeomorphology of catchments is affected not only by the regional climate, which represents the collective effect of multiple weather systems, but also by singular events, such as rainfall or snowmelt events of sufficient intensity and duration to generate floods, slope failures, or widespread surface erosion. Along the coast, hydrogeomorphically significant events often occur under synoptic situations similar to Type 12 (Figures 3.1 and 3.16 ). The southwesterly airflow advects large quantities of warm, humid air from the tropical Pacific region, creating intense rainfall along the entire coast, which can also penetrate inland to some extent. Such events have been called a "pineapple express" or "tropical punch." For example, a "pineapple express" in October 2003 generated significant flooding and landslide activity all along the Coast Mountains (Jakob et al. 2006 ).
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Extreme winds often accompany extreme precipitation events. Wet soils result in reduced soil-root adhesion and soil shear strength and, combined with extended periods of very strong winds, can cause extensive damage through blowdown of trees, which can then trigger landslides. Snow and ice on the crown also increase the risk of stem breakage and windthrow (Stathers et al. 1994) . Extreme winds are associated with the passage of frontal storms originating in the Pacific Ocean, and occur most frequently in the winter. Strong winds can also accompany summer thunderstorms, which are more likely to occur in the Interior than on the Coast. Local terrain can direct airflow and increase wind speed; areas where valleys converge can experience extremely strong winds. Cutblock boundaries such as the edge of riparian reserves can be highly susceptible to blowdown.
The role of antecedent conditions complicates the definition of hydroclimatic thresholds for landslide initiation or flooding. For example, rainfall events are more likely to generate landslides and floods when soils are already moist (Toews 1991; Jakob and Weatherly 2003) . In addition, "rain-on-snow" events occur when heavy rain in conjunction with warm air occurs in the presence of accumulated snow on the ground. Melting of the snowpack can augment rainfall and generate widespread landslides and (or) flooding. Egginton (2005) found that a range of conditions generated major landslides in northern British Columbia, including large cyclonic events and convective rainfall during summer. Mass-wasting events are often generated by intense, localized cells of rainfall that are not recorded by a climate station (e.g., Church and Miles 1987) . Egginton (2005) found satellite images useful to help identify locations of heavy rainfall in the interpretation of landslide triggers in northern British Columbia. Landslides and their causal factors are discussed in detail in Chap-ter 8, "Hillslope Processes," and Chapter 9, "Forest Management Effects on Hillslope Processes." Droughts can be considered another form of extreme event. Extended periods of well below normal precipitation, either as winter snow or summer rain, can result in low streamflow with implications for water supply and fish habitat. Low summer flows and high summer air temperatures can produce high stream temperatures (Moore et al. 2005) . Extremely high summer temperatures along with low precipitation also increase the risk of forest fires. This, in turn, has implications for water quality and streamflow through the increased risk of surface erosion and landslides because of the loss of ground cover, hydrophobicity of soils, and the effects on snow accumulation and melt.
Finally, extreme minimum temperatures, or the lack of them, can have indirect hydrologic implications. The prime example in British Columbia is the current mountain pine beetle infestation, which is partially caused by a lack of cold conditions late in the fall that would kill the insect. Stahl et al. (2006a) showed that mild winters and a decreased frequency of cold mortality for the pine beetles are associated with El Niño and PDO warm-phase conditions, but a decrease in extreme winter cold weather is also consistent with projected effects of climate warming. The reduction in transpiration and precipitation interception associated with tree mortality can increase soil moisture and water to streams (Hélie et al. 2005) . 
Climatic Variability and Change: Nature and Detection
Climatic variability and change occur on a range of time scales. In addition to apparently random variability from year to year, systematic variations relate to phenomena such as the ENSO and PDO because of their coherent influences on air temperature and precipitation patterns (Figures 3.13 and 3.15) . For example, there was a notable shift from dominantly negative PDO/PNA from about 1947 to 1976, to dominantly positive PDO/PNA from 1977 into the late 1990s (Figure 3.17) . This apparent step change shows up in many hydroclimatic records in southern British Columbia, including surface climate and snow accumulation (Moore and McKendry 1996; Fleming et al. 2007 ), streamflow (Moore 1991 (Moore , 1996 Fleming et al. 2007) , and glacier mass balance (Moore and Demuth 2001) .
Of increasing concern are climatic changes over longer time scales and the attendant consequences for water resources. Scientific consensus has been building over the last two decades that global climate is currently undergoing an accelerated warming, largely caused by anthropogenic greenhouse gas emissions (Intergovernmental Panel on Climate Change 2007). Concern is growing about the effects of global change on regional and local climates and the consequences of these effects for terrestrial ecosystems, hydrology, and freshwater ecosystems. Climate change and the effects on watershed processes are discussed in detail in Chapter 19 ("Climate Change Effects on Watershed Processes in British Columbia").
The last major ice age ended roughly 10 000 years ago, and since then the global climate has experienced both warm and cool periods (Rosenberg et al. 2004 ). The last global cool period, the "Little Ice Age," ended in the mid-19th century. Although instrumental climate records (e.g., temperature and precipitation measurements) in British Columbia mainly cover the most recent century or so, the Little Ice Age is recorded in proxy climate records, such as tree rings and glacier terminal moraines, Resolving climatic changes within the instrumental climate record requires data at a temporal resolution that is appropriate to the spatial domain of interest (Zwiers and Zhang 2003) . At a global scale, it may be appropriate to examine time series of annual mean temperatures. Annual means, however, are not as relevant when the interest is in regional impacts, where changes at seasonal and sub-seasonal scales can be important for ecological and hydrological processes. For example, even monthly data may be too coarse to detect changes in air temperature that can influence the onset and timing of snowmelt (Whitfield 2001) .
Trend detection is strongly affected by the length of the record, the magnitude of the trend relative to inherent between-year variability, and the window of data relative to decadal shifts such as the PDO. 
Past Climatic Variability and Change in British Columbia
A range of studies has looked for climatic trends in British Columbia, often in the context of specific locations or regions, or for specific climatic signatures. For example, Egginton (2005) examined climatic trends in northern British Columbia, particularly in relation to mass wasting, and Stahl et al. (2006a) focussed on the occurrence of winter temperatures low enough to cause mortality of mountain pine beetle. The general consensus from these studies is that British Columbia has been warming over the period of record, consistent with the current trend to increasing global temperatures. Vincent and Mekis (2006) found general trends across Canada, and particularly in southern British Columbia, to less extreme cold temperatures and more extreme warm temperatures. Regional variability, however, is significant in the magnitudes of trends, and the seasonal expression of these trends, which limits our ability to generalize at the provincial scale. For example, Bonsal et al. (2001b) , Whitfield and Cannon (2000a, 2000b) and Whitfield et al. (2002a) found trends across southern British Columbia to significantly warmer springs, falls, and winters, but not summers. The pattern in northern British Columbia is different, with cooler falls and warmer winters. Variability also exists among studies. For example, Egginton (2005) found warming trends during fall in northern British Columbia. These differences among studies arise from the use of different periods of records, different methods of analysis (e.g., simple linear regression with time, Mann-Kendall non-parametric trend test), and differences in delineating regions. Zhang et al. (2000) found that precipitation in western Canada increased by 5-35% from 1950 to 1998. Whitfield et al. (2002b) showed that in southern British Columbia the winter wet periods were now more wet; early fall has become somewhat drier and late fall wetter. In northern British Columbia, in contrast, falls and early summers have become wetter.
Figures 3.18-3.20 illustrate trends in daily minimum and maximum air temperature and precipitation for the period 1900-2003, based on gridded estimates of climate data. The warming trend is stronger for daily minimum than daily maximum air temperatures, and is strongest in winter. Precipitation generally increased over the province in most seasons except autumn, for which the south coastal region tended toward decreasing precipitation, though the trends are not statistically significant. Figures 3.21 and 3.22 provide results from a trend analysis focussed on the period 1950-2003 that used station data rather than gridded values. These analyses suggest that the warming trend has been particularly expressed through a reduction in the frequency of cold nights, and to a lesser extent an increased frequency of warm days. For more details on climate variability and trends see Chapter 19 ("Climate Change Effects on Watershed Processes in British Columbia"). Figure 3 .23 shows a range of future climate projections for three emission scenarios and a number of GCMs. The A2 scenario assumes that emissions will continue to increase without any significant efforts to reduce them. The B1 scenario assumes that the rate of emission increases will slow down soon and begin to decrease by the middle of the century. Scenario A1B is intermediate between the A2 and B1 scenarios (Intergovernmental Panel on Climate Change 2007). The gold line shows that even if all emissions ceased immediately, an additional 0.5°C warming would occur because of the effects of a lag in heat distribution in the oceans. Changes in precipitation will accompany changes in temperature.
Model projections indicate that British Columbia will have greater warming and changes in precipitation than the global average (Intergovernmental Panel on Climate Change 2007). A range of future climates is possible, depending on the future emissions and the GCM (Table 3 .6). The main feature illustrated in Table 3 .6 is that all models and emissions scenarios produce an increase in temperature that grows with time. Not shown in Table 3 .6 is that warming tends to be greater for minimum temperatures than for maximum temperatures. Projected changes in precipitation are quite variable. Generally, southern and central British Columbia are expected to get drier in the summer, and northern British Columbia is more likely to be wetter. Winters will, in general, become wetter across British Columbia, with a greater increase in the north. Figures 3.24-3 .28 illustrate what such changes in climate would mean for British Columbia using the A2 emission scenario (minimal control of emissions) as simulated by the Canadian Global Climate Model version 2. Table 3 .7 presents historic climatic conditions for selected locations in British Columbia, along with projections based on the A2 scenario. Other possible future climates are equally likely.
The projections in Tables 3.6 and 3.7, , are based on multi-year averages. However, as noted previously, extreme events are often more important than long-term climatic means. In the simulations of future climate, changes in warm extremes follow changes in the mean summertime temperature. Cold extremes warm faster, particularly in areas that experience a retreat of snow with warming. There is also an increased intensity of precipitation regimes and a reduction in return periods of current extreme events (Kharin et al. 2007) . Note that, while only projections for temperature and precipitation are discussed here, GCMs also generate projections for humidity, wind speed, and solar radiation, which users can access if needed. 
Southern British Columbia Winter 0 to 2 -5 to +15 1.5 to 3.5 0 to +20 2 to 7 0 to 25 Summer 0.5 to 2 -30 to +5 1.5 to 4 -35 to 0 2.5 to 7.5 -50 to 0
Central British Columbia Winter 0 to 2 -5 to +15 1.5 to 4 0 to +30 2.5 to 6 +5 to +40 Summer 0.5 to 1.5 -10 to +5 1.8 to 3.5 -20 to 0 2.5 to 6.5 -20 to +5
Northern British Columbia Winter 0 to 2.5 0 to 20 1.5 to 5.5 0 to +25 2.5 to 9 0 to +45 Summer 0.5 to 1.5 -10 to +10 1.5 to 3.5 -10 to +15 2 to 6 -15 to +25 Spittlehouse 2006 Spittlehouse , 2008 ).
FIGURE 3.24 Mean annual temperature for British Columbia for current climate (1961-1990 average) and that predicted for British Columbia in 2020s, 2050s, and 2080s for the A2 scenario from Canadian Global Climate Model version 2. Downscaling was done with ClimateBC (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) . 1961 -1990 . Cartography by Ministry of Forests and Range, Research Branch.) FIGURE 3.25 Mean maximum July temperature for British Columbia for current climate (1961-1990 average) and that predicted for British Columbia in 2020s, 2050s, and 2080s for the A2 scenario from Canadian Global Climate Model version 2. Downscaling was done with ClimateBC (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) .
24
temperature and precipitation for the A2 emissions scenario (Figures A7 and  A8 ) and presents data for specific locations in British Columbia (Tables A2  and A3 ) for the A2 and B emissions scenarios. 1961 -1990 and that predicted for British Columbia in 2020s, 2050s, and 2080s. (Source: ClimateBC v.2.2 [Wang et al. 2006 . Cartography by Ministry of Forests and Range, Research Branch.) (1961-1990 average) (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) . 
1961-1990
FIGURE 3.28 Mean October to April precipitation for British Columbia for current climate (1961-1990 average) (Spittlehouse 2006 (Spittlehouse , 2008 Wang et al. 2006) . Figure A8 ( 
